Background
Babesiosis is a worldwide, vector-borne disease caused by intraerythrocytic protozoa of the genus Babesia. It is endemic in the northeast, upper midwest and pacific northwest regions of the United States (U.S.) and in western Europe, occurring mostly during the spring and summer months [1, 2] . The whitefooted mouse is the primary reservoir host for Babesia microti, and Ixodes scapularis ticks are the primary vector for transmission of disease to humans [1] . Geographic distribution of babesiosis in the United States closely follows that of Lyme disease, as they share the same vector, I. scapularis [1, 2] . The majority of cases in the U.S. are caused by B. microti, while in Europe, B. divergens, which is associated with more severe illness, is the most common pathogen. A smaller number of cases caused by B. duncani have been reported in northern California and Washington State and a few sporadic cases of infection caused by B. divergens-like organisms have been described in patients from Kentucky and Missouri [2, 3] . The disease is named after Victor Babes, a Hungarian microbiologist who was the first to identify the organism in 1888 [2] . The first human case, caused by B. divergens, was described in a splenectomized Yugoslavian farmer in 1956, [4] and the first case in the U.S. was described in an immunocompetent man from Massachusetts's Nantucket Island in 1969 (hence the name, "Nantucket fever") [1, 5] .
While the bite of an infected tick remains the primary route of transmission of babesiosis, vertical transmission [6] and transmission by blood transfusion have been reported in the literature [3] . Recently, donor-derived babesiosis was reported in 2 renal transplant recipients who received allografts from the same deceased donor who was multiply transfused on the day of his death [8] . The incidence of tick-borne infections in the U.S. is on the rise due to multiple factors including larger deer populations, increasing tick populations, and increased proximity between humans and ticks due to rural development, as well as increased awareness of disease and availability of better diagnostic methods [9] . As of January 2011, babesiosis is a mandatory reportable disease in the U.S. [10] . While up to 20% of adults and 50% of children have asymptomatic disease [11, 12] , clinical manifestations of symptomatic patients range from mild febrile illness with nonspecific, viral-like symptoms to life-threatening multiorgan failure with a fatality rate of 6-21%. Infection in the elderly, asplenic, and immunocompromised patients has been associated with higher mortality [13] [14] [15] . Splenic rupture is a rarely reported complication of B. microti infection. Here, we report a case of splenic rupture leading to hemorrhagic shock in a patient with B. microti and Borrelia burgdorferi co-infection and review the existing literature on splenic complications associated with B. microti infection.
Case Report
A 79-year-old female farmer from Wisconsin was admitted in early August for left-sided chest pain that started one hour prior to admission. The pain was located in the left lower chest, was constant and sharp, and was exacerbated with movement and deep breathing. She complained of dizziness and profound fatigue and denied fevers, chills, or cough. Her past medical history was significant for hypertension, coronary artery disease, and atrial fibrillation for which she was anticoagulated with warfarin. She was a nonsmoker and did not use alcohol or abuse illicit drugs. She denied any recent trauma. On presentation, she was lethargic with unstable vital signs with a heart rate of 110 beats/min, blood pressure of 80/50 mmHg, and respiratory rate of 24-30 breaths per min. She was afebrile and had an oxygenation saturation of 88% on ambient air. She appeared to be in moderate to severe distress. Cardiothoracic examination was normal with the exception of tachycardia. Abdominal examination revealed diffuse abdominal tenderness with guarding and absent bowel sounds. Laboratory data were significant for hemoglobin of 6.5 g/dL, white blood cell count (WBC) of 14.9×10 (Figure 1 ). The patient underwent emergent splenectomy and received 3 units of PRBC. Histologic examination of the removed spleen revealed mild red pulp hyperplasia, but white pulp was unremarkable. There was no evidence of malignancy or intracellular inclusions. The postoperative course was unremarkable and she was discharged home on postoperative day 4. She received post-splenectomy pneumococcal and meningococcal vaccinations.
The patient was re-admitted to the hospitalist service on postoperative day 10 with fever, abdominal discomfort, and fatigue that started shortly after the previous discharge from hospital. She reported mild frontal headache without photophobia or neck stiffness. She denied vomiting, diarrhea, chest pain, cough, urinary urgency, dysuria, joint pains, or skin rash. She lived on a farm without exposure to livestock but had a pet cat. She denied cat bites or scratches. She denied traveling outside the U.S. However, she remembered removing several ticks from her arms approximately 8 weeks prior to her first admission. She did not receive blood product transfusion prior to her previous admission. Physical exam revealed a welldeveloped woman in no distress. She was febrile with a temperature of 39°C. Her blood pressure was 100/40 mmHg and heart rate was 110 beats/min with irregularly irregular rhythm and no murmurs. Respirations were 18 breaths per min. The lungs were clear on auscultation bilaterally without wheezing, rhonchi, or crackles. An examination of the abdomen revealed a well-healing surgical scar without wound dehiscence, erythema, or drainage and was soft and non-tender on palpation. There were no skin rashes and joints showed no evidence of synovitis. Her extremities were warm and well-perfused without edema. Laboratory testing showed hemoglobin 6.3 g/dL, hematocrit 18.2%, normal WBC with differential, platelets 132×10/L, INR 1.1, lactate dehydrogenase (LDH) 1144 U/L, haptoglobin <10 ng/dL, AST 78U/L, ALT 20 U/L, and total bilirubin 3.4 mg/dL. Procalcitonin was 0.78 ng/ml. Blood cultures remained without any growth. Microscopic examination of the peripheral smear revealed numerous red cells with parasitic inclusions characteristic of Babesia spp. with an estimated parasitemia of 1.3% (Figures 2, 3) . Additionally, there were also features of hyposplenism/asplenism, including increased poikilocytosis and Howell-Jolly bodies. Nucleated red blood cells and reticulocytes were also seen, which can be attributed to the patient's asplenism or a compensatory bone marrow response to anemia (Figures 2, 3) . A tick-borne panel was ordered and it was positive for Babesia microti IgM, IgG, and PCR, as well as Borrelia burgdorferi IgM and IgG in serum. Serology and PCR for Anaplasma phagocytophilum and Ehrlichia spp. were negative. Other workups included serologies for cytomegalovirus (CMV) and Epstein-Barr virus (EBV), which were reflective of previous exposure (IgM-negative and IgG-positive) and negative Bartonella henselae serology. The patient showed clinical improvement after a 14-day course of atovaquone and azithromycin for babesiosis and a 21-day course of oral doxycycline for early localized Lyme disease. In retrospect, we believe that the splenic rupture occurred as a consequence of underlying babesiosis that went unrecognized during the initial admission due to paucity of other symptoms that are commonly associated with babesiosis. The occurrence of febrile illness associated with hemolytic anemia after splenectomy led to the prompt workup and diagnosis of babesiosis and Lyme co-infection in this patient.
Discussion
The most common cause of splenic rupture is blunt abdominal trauma. Spontaneous splenic rupture is a rare condition that can be classified according to Renzulli et al. [16] as either atraumatic-idiopathic or atraumatic-pathological splenic rupture, with the latter being more common (7% and 93%, respectively). The causes of atraumatic-pathologic splenic rupture are neoplasm (30.3%), infections (27.3%), and inflammatory, non-infectious conditions (20%). Several bacterial, viral, and protozoan pathogens have been reported to cause splenic rupture, with Plasmodium spp., EBV, and CMV being the most frequently implicated agents. Splenic rupture associated with bacterial infection such as Streptococcus spp., Staphylococcus spp., Coxiella burnetii, Bartonella henselae, and Rickettsia species have been described [17] . Babesia species have been infrequently associated with atraumatic splenic rupture [18, [20] [21] [22] [23] [24] [25] [26] [27] [28] .
A PubMed database search for articles published in English using the key words "Babesia and splenic rupture", "Babesiosis and splenic rupture", "Babesia and hemorrhagic shock" and "Babesia and splenic infarct", yielded 9 cases of babesiosis associated with splenic rupture and 3 cases associated with splenic infarct. Interestingly, all cases were reported in the U.S and among these, only 1 case [27] was identified in a patient who recently immigrated to the U.S. from Ecuador. All the cases of splenic infarct or splenic rupture were due to B. microti infection. The patients' median age was 57.3 years (range, 23 to 72). The male-to-female ratio was 5: 1. Of the 12 reported cases, 1 patient died due to multiorgan failure, which corresponds to a mortality rate of 8.3%. The parasitemia level was documented in 8 of 12 cases and varied from 0.5% to 30%, with a mean parasitemia level of 6.3%. Splenomegaly was reported in 10 of 12 patients. Eight patients (80%) had mild splenomegaly, 10% had moderate splenomegaly, and 10% had massive splenomegaly. In 2 patients, spleen size was not reported.
Unlike the majority of reported cases, our patient was a woman. The level of parasitemia in our patient was mild (1.3%), significantly lower than the median level in cases reported thus far. Similar to previously described cases, our patient had mild splenomegaly (14 cm in diameter and 300 g weight) and the red pulp showed hyperplasia but the white pulp was unremarkable. It is important to recognize that splenic rupture as a complication usually occurs in otherwise healthy and nonimmunocompromised patients, unlike other severe manifestation of babesiosis that are most commonly seen in the elderly and immunocompromised [28] . In addition, the level of parasitemia is not correlated with the risk of splenic rupture, since the majority of patients who developed splenic rupture only had mild parasitemia. This is in contrast with other severe manifestations of babesiosis. Reviewing the literature, of the 12 cases described, none were immunocompromised and the majority (83.3%) were male patients, which is similar to a previous observation of patients with splenic rupture associated with CMV infection [29] . It is interesting to note that Plasmodium vivax, which usually causes less severe infection when compared to P. falciparum, may be more commonly associated with splenic rupture in patients with malaria [30] [31] [32] .
The exact mechanism by which Babesia and malaria lead to splenic rupture is unknown, but several theories have been proposed. Kuwayama and Briones, who were the first to describe splenic rupture associated with babesiosis [17] in 2008, theorized that degradation of parenchymal integrity, rather than elevated intracapsular pressure, contributed to splenic rupture in their patient, based on the observation that the ruptured spleen in their patient was not enlarged, but, interestingly, had abnormal, friable parenchyma. Their theory is further supported by the fact that a majority of reported cases (80%) of babesiosis with splenic rupture had mild splenomegaly (Table 1) . Another theory favors the development of small subcapsular hematomas and/or splenic infarcts during acute parasitemia, which can subsequently lead to focal necrosis and splenic rupture. It has been proposed that splenic infarct and splenic rupture are different stages along a single continuum rather than 2 different processes [18, [29] [30] [31] . Similar to malaria, infection with B. microti is associated with an increase in cytokines TNF-a, IFN-g, and IL-10, as well as increase in endothelial activation markers and hypercoagulability due to decreased levels of antithrombin III, protein C, and protein S, [18, [33] [34] [35] . These changes, in turn, can increase cytoadhesion of infected RBCs to endothelial cells, causing endothelial injury and microthrombus formation, further leading to splenic infarction and rupture [35] [36] [37] [38] .
Apart from B. microti, I. scapularis can transmit several other pathogens including B. burgdorferi, B. miyamotoi, A. phagocytophilum, and Powassan virus. Unlike the other reported cases, our patient was co-infected with B. burgdorferi. Given the high incidence of co-infection with multiple pathogens among I. scapularis ticks in Wisconsin and Minnesota [40, 41] , it is not unusual that our patient was infected with 2 tick-borne pathogens simultaneously. We do not believe that B. burgdorferi contributed to splenic rupture in our patient, as early-stage Lyme disease is not known to be associated with any splenic complications.
Transfusion-transmitted babesiosis (TTB) has increased in incidence in recent years and is the most common transfusiontransmitted infection in the U.S. [7, 42] . TTB tends to have a longer incubation period, is more severe, and has a reported mortality of up to 20% [42, 43] . The higher observed mortality in TTB is most likely due to the fact that blood transfusion recipients are usually immunocompromised and have a plethora of other medical comorbidities, making them more susceptible to severe infection [2, 43] . We considered the possibility of TTB in our patient, as she was transfused with 3 units of PRBC for hemorrhagic shock during her first admission. However, given her history of tick bites, presence of co-infection with B. burgdorferi, and residence in a highly endemic area, we are confident that our patient had subclinical illness, and splenic rupture was, in fact, the first manifestation of the infection. Following splenectomy, the disease manifested itself in a more typical fashion, with febrile hemolytic anemia. Also, our patient developed febrile hemolytic anemia approximately 2 weeks following PRBC transfusion and, while not impossible, it is highly unlikely to be TTB due to its longer incubation period (up to 6 months) when compared to tick-transmitted infection [42, 43] . Finally, our patient had both IgM and IgG antibodies against B. microti, which argues in favor of acquisition of the infection much earlier, since it takes more than 2 weeks for antibodies to develop, especially in immunocompromised patients.
Definitive diagnosis of babesiosis is made by microscopic examination of Giemsa-stained thick and thin blood smears, which can reveal intraerythrocytic merozoites [2] . The ring forms of Babesia are pleomorphic and delicate and can closely resemble those of P. falciparum. Unlike malaria, the brown pigmentation of hemozoin and advanced forms such as schizonts or gametocytes are not seen in thin smears of patients with babesiosis. Other findings in favor of babesiosis include occasional extra-cellular forms and the classic tetrad or Maltese cross forms [2] . In cases where organism morphology is inconclusive and travel history is not helpful, the use of molecular diagnostics such as polymerase chain reaction (PCR) can prove particularly valuable [2] . Molecular diagnostics such as Babesia PCR assays offer a rapid and sensitive alternative to blood film examination and can help differentiate between the various species that cause babesiosis [2, 44, 45] . Finally, serology may be useful among patients with very low level of parasitemia or those who have cleared infection following therapy. IgM antibodies usually develop 2 weeks after initial infection, followed by IgG in subsequent weeks [2, 45] . Treatment of babesiosis depends on the severity of infection and the patient's immune status. Immunocompetent patients with mild to moderate infection can be treated with a combination of oral azithromycin and atovaquone for 7 to 10 days [46] . Patients with severe infection may benefit from parenteral clindamycin and oral or intravenous quinine. Immunocompromised patients are more likely to have severe infection with persistent and relapsing parasitemia and may require a prolonged duration of treatment. While the development of resistance to azithromycin and atovaquone in patients on prolonged treatment has been described, this remains a rare phenomenon [47] . Patients with severe organ dysfunction and high level of parasitemia (>10%) may also require urgent partial or complete exchange transfusion (ET), in addition to antimicrobial therapy [2, 46, 48] . There have been reports of successful treatment of babesiosis with ET, even with parasitemia levels as high as 50% [48] . Our patient was successfully treated with 14 days of atovaquone and azithromycin and 21 days of oral doxycycline. She continued to do well 3 months following completion of treatment, without evidence of recurrence of infection.
Treatment of splenic rupture depends on the hemodynamic stability of the patient. In patients who are hemodynamically stable, a conservative approach, including close monitoring in intensive care and as-needed transfusion, is recommended, due to multiple benefits of spleen preservation [49] . In patients who are hemodynamically stable but with either significant or ongoing bleeding, trans-catheter splenic artery (SA) embolization has been successful in several cases [24, 25] . Splenectomy remains the gold standard in patients similar to ours, who present with acute abdomen and hemorrhagic shock [15] . In their systematic review, Renzulli et al. [15] found that 660 out of 774 patients (85.3%) with atraumatic splenic rupture were managed surgically with splenectomy. However, in our review of the literature on atraumatic-pathologic splenic rupture secondary to B. microti infection, out of the 12 reported cases, only 3 underwent splenectomy (25%), 1 patient died (8.3%), and 8 (66.6%) were managed conservatively with either SA embolization or with transfusion, bedrest, and antibiotics.
Mortality in patients with splenic rupture associated with B. microti infection is 8.3%, which is significantly lower than the mortality rate reported by Imbert et al. (22%) in their analysis of 55 cases of spontaneous splenic rupture secondary to malaria [19] . The most plausible explanation for this observation is that babesiosis tends to usually cause milder disease and is endemic in countries with advanced diagnostic and medical amenities. Despite its lower mortality in comparison to malaria, it is vital to be aware that babesiosis can cause life-threatening complications. Increased awareness of splenic rupture as one of these complications will lead to early recognition and treatment and, in turn, may save lives.
